In earlier studies by ourselves and others, it was found that normal plasma from several species, including humans, neutralized some of the toxic properties of purified gram-negative bacterial endotoxins (lipopolysaccharides [LPS] ) (5, 11, 14, 15, 18, 19, 22) .
Fractionation of human serum by using the Cohn cold ethanol method 10 (2, 8) revealed the most active fraction to be fraction IV,, containing primarily the alpha, high-density lipoproteins (HDL). Some neutralizing activity also was found in fraction 1110, which contained lowdensity, beta lipoproteins and some globulins. Renewed interest in this phenomenon has occurred recently, and several studies have demonstrated and characterized the binding of LPS to serum proteins. Although the binding of LPS to HDL has been documented (3, 9, 10, 16, 20, 21) , its significance with regard to detoxification is open to question since others have reported that lipoproteins per se lack LPS-detoxifying ability (6, 9) . We report here (i) an extension of our early studies showing that fraction IV, also has the ability to negate the important hypotensive effect of viable gram-negative bacilli, and (ii) that a lipoprotein-free fraction of human serum is responsible for neutralization of the hypotensive action. MATERIALS AND METHODS Blood pressure assays. As described previously (1), 12-to 14-week-old Dutch Belt rabbits were anesthetized locally by injecting 3 ml of Seracaine (lidocaine hydrochloride, 1%) intramuscularly and subcutaneously in the area of the femoral artery. The femoral artery was exposed, cannulated, and connected to a manometer which recorded the blood pressure on a kymograph. Heparin (1 ml; 10,000 USP units) was injected through the femoral artery to prevent clotting. After the blood pressure had stabilized, the preparation to be tested was injected intravenously, and the blood pressure was recorded at 15-min intervals for 2 h. Gauze soaked with the anesthetic was placed on the incised area during the 2-h period. For each preparation tested, 5 to 10 rabbits were used, and the arithmetic mean drop in blood pressure was recorded. All rabbits were challenged intravenously with 7 x 108 Salmonella typhosa 0-901 viable cells unless noted otherwise.
Human serum fraction IV,. This fraction was prepared earlier by us before the widespread use of gel filtration and ion-exchange chromatography, using the Cohn cold ethanol fractionation method 10 (2, 8 Endotoxins. The endotoxins were prepared by the phenol-water procedure and kindly given to us by 0. Luderitz, Max Planck Institute for Immunobiology, Freiburg, West Germany. A preparation from a smooth (Salmonella minnesota S99) and a rough organism (S. minnesota R595) were used.
Treatment of endotoxin with human serum and human serum fractions. All serum fractions were dialyzed against 0.15 M NaCl for 48 h at a pH of 7.5 to 7.9. Viable bacilli and endotoxins were mixed with human serum and human serum fractions in varying proportions as indicated. Controls containing the fractions without endotoxin and those containing endotoxin without the fractions were included. All mixtures were incubated at 37°C for 4 to 5 h unless indicated otherwise.
Immunodiffusion test. The Ouchterlony technique as applied to the endotoxin detoxification assay and the resulting patterns have been described in detail previously (13, 18) .
RESULTS
Neutralization of hypotension. Our previous work documented the capacity of Cohn fraction IV1 of human serum to neutralize partially the pyrogenicity and lethal effects of purified endotoxins (12, 14, 15, 22) . To determine the effect of this fraction on the hypotension induced in rabbits by gram-negative bacilli (1), viable S. typhosa 0-901 cells were incubated with 25 mg of fraction IV1 for varying intervals of time, and the capacity of such cells to lower blood pres- virulent Ty-2 strain, which possesses the Vi antigen. Equal numbers of this more virulent strain of the organism could not be neutralized by concentrations of fraction IV1 capable of eliminating the hypotensive action of the 0-901 strain (Fig. 3) .
Differential density ultracentrifugation of human serum. To determine whether HDL were necessary for the inactivation of the hypotensive property of the endotoxin component of gramnegative bacteria, human serum was subjected to differential-density ultracentrifugation. (100 ILg) were incubated with 100 ,ug of each of the subfractions, only fraction 6 was found capable of inhibiting the hypotensive activity of these endotoxins (Fig. 4) . It is noteworthy that fraction 7, containing HDL, was incapable of neutralizing the hypotension-producing ability of endotoxin.
Reinforcement of the above conclusions was gained by using the gel diffusion test. Thus, previous results showed that incubation of endotoxin in human plasma or fraction IV1 changed the gel precipitation pattern from a major line of endotoxin curving closely around the antigen well, which typifies toxic endotoxin (13, 18) , to a more rapidly diffusing straight line between the VOL. 38, 1982 on August 27, 2017 by guest http://iai.asm.org/ Downloaded from antigen and antibody well (18) . When subfraction 6 was incubated with endotoxins R595 and S99, it too caused the more rapid diffusing straight line of precipitation with antisera to appear in all cases, in contrast to the curved line resulting when endotoxins incubated in saline were used as antigens. Incubation of endotoxin with the other serum fractions did not alter the gel diffusion pattern from the norm. DISCUSSION The bactericidal capacity of normal human serum has been known for a century, and its component parts have been studied by many investigators. Our data extend the neutralizing action of Cohn fraction IV1 of serum to the important parameter of bacterial (and their endotoxic cell wall) induced hypotension in a sensitive host, the rabbit. Although neutralization of this property was very effective under proper conditions, several important cautions emerged in extrapolating these data to models of in vivo protection against septicemia. For example, whereas 9 x 108 organisms were neutralized, a 10% increase to 109 organisms eventually proved to overwhelm the detoxification process under the conditions studied. In addition, although human serum and its fraction IV1 were capable of neutralizing the 0 strain of bacilli, they were ineffective against the Ty-2 strain of bacilli. Conceivably, capsules and antigens, such as the Vi antigen on the latter, may sterically prevent access of the active serum component to the LPS moiety, stressing the importance of strain differences in susceptibility.
The mechanism of detoxification by serum has been addressed by a number of investigators. Thus, since pyrogenicity and precipitability could be recovered quantitatively after pronase treatment of plasma-detoxified endotoxin, a two-step reaction was proposed originally by Rudbach et al. (12, 15) in which disaggregation of the LPS by surface-active agents such as bile salts occurs initially, followed by binding of certain serum proteins, preventing reaggregation and resulting in abrogation of some facets of toxicity. Recently, interest has been revived in the detoxification of LPS by normal serum, with attention being focused on the ability of rat HDL to bind somewhat selectively to LPS and cause a density shift to <1.2 g/cm3 (3, 10, 20) . Since a diminution of some of the endotoxic properties of LPS was associated with the binding of HDL, providing the LPS was first exposed to delipidated serum, a similar two-step mechanism of detoxification was proposed (21) . Also, Skarnes (16, 17) reported evidence for an initial disaggregation by a lipoprotein followed by enzymatic detoxification. Although our data establish neutralization of hypotension to be a function of temperature and pH, they do not permit discrimination with respect to a physical or enzymatic mechanism, since both are affected by these parameters. The nature of the hypotension-inhibiting factor(s) in fraction IV1 and subfraction 6 is unknown and will be the subject of future study.
Despite the abrogation of pyrogenicity, the production of leukopenia, and the interaction of complement by normal serum and HDL, the lethal or hypotensive action of LPS was diminished only partially or not at all (9, 20, 21) . Accordingly, the mechanism of detoxification of one facet of endotoxicity may not be the same for each of its diverse toxic attributes. The data presented herein emphasize this point in that although fraction IV1 is known to be rich in HDL, incubation of isolated HDL with LPS did not alter its hypotensive action, whereas serum devoid of HDL did so completely. Support for this hypothesis is gained from the experiments of Maier et al. (9) and Ulevitch and Johnston (20) , using an opposite approach in which an HDL-LPS complex was shown to retain the ability to elicit shock in rabbits. Similarly, Johnson et al. (6) 
